Under certain circumstances the excitations of a superconductor will not be those predicted by BCS theory, but rather electron bag states. A variational calculation is used to establish this regime in which such collective states form.
Speculation that the new high temperature superconductors' are strongly coupled systems has been widespread. The strong coupling behavior of BCSlike systems is not commonly discussed in solid state physics, but it has been looked at extensively in particle physics.' The purpose of this letter is to present some simple results which follow from applying such ideas to the new class of superconductors. This analysis implies striking differences between the behavior of these superconductors and the more familiar weak coupling superconductors studied in BCS theory; this behavior appears to have been seen in the Giaever n tunneling experiments carried out at Stanford by Smith et.aZf In superconducting systems, due to their interaction with the condensate, fermions above the fermi surface behave as massive particles. Under certain circumstances an extra fermion injected into the system can lower its mass by expelling condensate from its immediate neighborhood. It will then produce a region, or bag, of radius R, filled with normal material and trap itself in this region. Such objects have been discussed for the case of quantum field theory in the context of the SLAC bag model of hadrons.2
To decide whether such an excitation has a lower energy than the energy of a single electron as computed in BCS theory, it is necessary to obtain an upper bound on the energy of a one-electron bag. This bound depends upon the condensation energy, which determines the energy required to drive a spherical region normal, and the energy which required to localize the extra electron inside the normal region. The question is for what range of parameters will the energy of the one-electron bag state be smaller than the gap ho. When this happens, the BCS description of the lowest lying excitations must break down. 2 The starting point of the argument is the familiar BCS Hamiltonian where the usual simplification is to assume that V~,J~~J, = -V&z, -i26-,-, i 3, 4 for lcz,l < !iWD, and zero otherwise. 
provides an upper bound on the energy of the lowest-lying baglike state. We should, in reality, include a term of the form dR2 to represent the energy due to the transition region in which the groundstate expectation value of the condensate changes from zero to its bulk value (d stands for the width of the transition region as shown in Fig.1 ). While this term is easy to obtain for the field theory case it is more difficult to obtain from the BCS approximation.
In order to present the argument in simplest terms we will initially ignore the presence of such a surface term. Minimizing Eq( 1) with respect to R yields
The condition that the one electron bag lie lower in energy than Au is
This suggests that if we use Eq. (3) 
Since the energy of two separate one-electron bags is 2E1, we see that the physics of a strong coupling condensate causes a localized, doubly charged, spin zero bound state to form. In other words, the interaction between two localized oneelectron bags will be attractive.
If we now attempt to add a third electron to the bag we can no longer put it into the s-wave bound state. We can, however, put it into a state with a single node, increasing the localization energy by an additional term of 2/R. Thus the energy of the localized three-electron bag is given by
and so at the minimum we have
Since 43/4 > 1 + 23/4, we see that for a bag energy which doesn't include a surface term the interaction between localized two and one-electron bags is repulsive.
Thus, in the strongly coupled system, unlike the ordinary weak-coupling BCS In general the cost of creating a localized normal region will be described by both a volume and surface term. Thus, we expect the energy of a one-electron bag to have the form
There are two extreme cases; A = 0 and B = 0. We have already discussed is the B = 0 case. Also, since the electrons are charged, localizing them inside the bag will cost Coulomb energy. Since these particles are in quantum states which are more or less uniformly spread out over the radius of the bag, gives a contibution to E(R) of the form xn2/R; where n stands for the number of electrons in the bag and the parameter x is a factor introduced in order to absorb shape and wavefunction factors that do not calculated in this approximation. The general expression for the energy of such a one-electron bag state is therefore: We see that there is a crucial difference between these two cases, since in the case A = 0 there exists an additional three-electron bound state. All bags containing more than three electrons are unbound in both cases.
These results imply that Giaver tunneling experiments will show either two or three peaks, depending upon the specific properties of the superconducting sample. Since the present perovskite superconductors are multi-phasic materials it is entirely possible that both kinds of behavior will be seen. 
for the case B = 0, and
for the case A = 0. Ratios, rather than absolute energies are calculated in order that unknown factors cancel out. Tables I and II It is much more difficult to compute the relation of the critical temperature to the gap, since in order to do the calculation correctly the effect of these extra states must be taken into account. Most likely it will be necessary to redo the BCS calculation in order to obtain a correct prediction.
Techniques which have been applied to analogous problems in particle physics 9 may be useful for this calculation. 
